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(54) Title: 

DIESEL ENGINE 
(57) Abstract: 

[Purpose] This invention relates to a dies el engine/ and it 
is an object of the invention to restrain the generation of 
N0 X and prevent incomplete combustion of fuel due to 
interference with drops of water injected to a flame of fuel. 
[Constitution] In the diesel engine, in which an engine body 
is provided with a fuel injection pump and a water injection 
pump, and a fuel injection nozzle and a water injection nozzle 
are disposed in each combustion chamber, a jet hole for radially 
injecting fuel spray is formed on the fuel injection nozzle, 
and a jet hole for injecting water spray between the mutual 

* 

fuel sprays is formed on the water injection nozzle. 
[Claims] 

[Claim 1] A diesel engine, in which an engine body is provided 
with a fuel injection pump and a water injection pump, and a 
fuel injection nozzle and a water injection nozzle are disposed 
in each combustion chamber, characterized in that a nozzle hole 
for radially injecting fuel spray is formed on the fuel 
injection nozzle, and a nozzle hole for injecting water spray 
between mutual fuel sprays is formed on the water injection 
nozzle. 
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[Brief Description of the Drawings] 

Fig. 1 is a plan view showing the directions of injecting 
fuel and water from a fuel injection nozzle and a water 
injection nozzle; and 

Fig. 2 is a sectional view of the above; 

Fig. 3 is a plan view of a diesel engine according to 
an embodiment of the invention. 

[Description of the Reference Numerals and Signs] 
Is cylinder 

2: fuel injection nozzle 
2a: jet hole 

3s water injection nozzle 
3a: jet hole 
4: fuel injection pump 
5: water injection pump 
6: diesel engine 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

This invention relates to a diesel engine in which an 
engine body is provided with a fuel injection pump and a water 
injection pump, and a fuel injection nozzle and a water 
injection nozzle are disposed in each combustion chamber to 
reduce NO x in exhaust gas. 



[0002] 
[Prior Art] 

In diesel engines, it has been known heretofore that when 
ignition lag is caused to fuel after injection of fuel, fuel 
injected during the ignition lag period is ignited at a stroke 
to cause premix combustion, so that sudden temperature rise 
and pressure increase occur to easily generate NO x due to such 
high temperature. 
[0003] 

jp-A~3-1 15743 describes a diesel engine in which in 
addition to fuel, water is injected into a cylinder in order 
to reduce the NO x , and this diesel engine is provided with a 
fuel injection pump for feeding fuel into a fuel injection 
nozzle for injecting the fuel and a water injection pump for 
feeding water into a water injection nozzle. 
[0004] 

In addition to the above, an exhaust emission control 
device of an internal combustion engine described in 
jp-A-50-40926 and a water run-out preventing device of a water 
tank for injecting water described in jp-UM-A-64-29253 are 
known as a diesel engine including a water injection nozzle 
for injecting water into a cylinder. 
[0005] 

[Problems that the Invention is to Solve] 

Generally, spray of fuel injected from the fuel injection 
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nozzle is not given directivity, and even in the diesel engine 
restraining the generation of NO* by injecting water from the 
water injection nozzle as described above, similarly the 
direction of spraying water is not given directivity, so that 
when ignition lag is caused in the sprayed fuel, there is the 
fear that the ignited flame and particles of water overlap each 
other to cause interference, and quenching occurs due to drops 
of water to cause incomplete combustion. 
[0006] 

It is an object of the invention to solve the above 
problems of the conventional diesel engine restraining the 
generation of NO* by injecting water with fuel into a cylinder 
and prevent incomplete combustion of fuel due to interference 
with drops of water injected to a flame of fuel. 
[0007] 

[Means for Solving the Problems] 

The invention provides a diesel engine, in which an 
engine body is provided with a fuel injection pump and a water 
injection pump, and a fuel injection nozzle and a water 
injection nozzle are disposed in each combustion chamber, 
characterized in that a noz2le hole for radially injecting fuel 
spray is formed on the fuel injection nozzle, and a nozzle hole 
for injecting water spray between the mutual fuel sprays is 
formed on the water injection nozzle. 
[0008] 
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[Operation] 

According to the diesel engine of the invention, water 
spray is injected between the mutual fuel sprays, whereby 
interference between the fuel spray and the water spray is 
eliminated to avoid quenching due to drops of water and prevent 
incomplete combustion. 
[0009] 

[Embodiment] 

An example of a diesel engine in which the invention is 
embodied will now be described according to Figs. 1 to 3. 
[0010] 

In the diesel engine of the present embodiment, a 
plurality of cylinders 1 are provided in series, a piston is 
stored in each cylinder 1, and the top of the cylinder 1 is 
provided with an inlet valve for sucking the air and an exhaust 
valve for discharging exhaust gas of combustion, and also 
provided with a fuel injection nozzle 2 for injecting fuel and 
a water injection nozzle 3 for injecting water. 
[0011] 

After fuel is injected from the fuel injection nozzle 
2, water is injected from the water injection nozzle 3 , thereby 
restraining the generation of N0 X due to an excessive 
temperature rise in combustion caused by premixing. 
[0012] 

In order to inject fuel and water from the fuel injection 
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no2zle 2 and the water injection nozzle 3, it is necessary that 
rotation is transmitted to a driving shaft 8 by a gear train 
7 driven by a crankshaft of a diesel engine 6, thereby driving 
the fuel injection pump 4 and the water injection pump 5 to 
apply pressure to the fuel and the water. 
[0013] 

In this embodiment, the driving shaft 8 is provided on 
one side of the diesel engine 6, and the fuel injection pump 
4 and the water injection pump 5 are driven by the one driving 
shaft 8. 
[0014] 

The driving shaft 8 is provided with a timer 9 as fuel 
injection timing control means for operating a cam angle 8i 
of controlling the injection timing of fuel delivered from the 
fuel injection pump 4 to the fuel injection nozzle 2 at an angle 
of rotating the crankshaft, that is, the timing of the 
compression stroke, and with a governor 11 as fuel injection 
timing control means for operating a rack position Rj.. 
[0015] 

Similarly the driving shaft 8 is provided with a timer 
10 as water injection timing control means for operating a cam 
angle 6 2 of controlling the timing of injecting the water by 

m 

the water injection pump 5 and a governor 12 as water injection 
timing control means for operating a rack position R 2 . 
[0016] 
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The timers 9, 10 and the governors 11, 12 are controlled 
by a sensor 14 provided on the driving shaft 8 for detecting 
the rotating speed N of the engine and a control circuit 13 
to which an accelerator opening La is input. 
[0017] 

A combustion chamber A of the diesel engine is shaped 
to have a sectional form shown in Fig. 2 by the cylinder 1 and 
a piston 14 , the fuel injection nozzle 2 for injecting fuel 
into the combustion chamber A is, as shown in Fig. 1, provided 
with a number of jet holes 2a for spraying fuel toward the radial 
direction B, and the water injection nozzle 3 is provided with 
a number of jet holes 3b for spraying water toward the direction 
C of an arrow between the fuel sprays. 
[0018] 

Thus, water is sprayed between ignited flames of sprayed 
fuel, thereby preventing difficulty of ignition due to mixing 
of spray of fuel and drops of water and incomplete combustion 
of fuel due to lowering of combustion temperature of fuel. 
[0019] 

Further, no direct interference of drops of water with 
ignited flame occurs so that quenching of flame due to drops 
of water is not caused to prevent incomplete combustion of fuel 
due to quenching. Accordingly, it is possible to prevent 
lowering of engine output and non-smooth rotation. 
[0020] 
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[Advantage of the Invention] 

According to the invention, as described above, a sudden 
temperature rise in the cylinder due to ignition lag to the 
fuel or the like can be avoided by the vaporization heat of 
water injected into the cylinder so that the temperature in 
the cylinder is lowered to restrain the generation of NO*. 
[0021] 

During the fuel is sprayed in a number of radial 
directions by the fuel injection pump, the drops of water are 
sprayed from the water spray nozzle, so that the drops of water 
will not directly strike the ignited fuel spray. Accordingly, 
there is no fear that the flame of ignited fuel is lowered in 
its temperature or combustion flame is quenched by the drops 
of water - 
[0022] 

Therefore, incomplete combustion of fuel due to 
quenching of a flame can be prevented not to cause lowering 
of engine output and non-smooth rotation. 
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